The present study was conducted to evaluate the potential of green water meal (GWM) 
INTRODUCTION
Fishmeal has been used as the major source of protein in aquafeeds and contributes considerably to the variable production cost in any aquaculture farms. It is a preferred source of protein due to the balanced profile of essential amino acid and also the presence high palatability compare to other protein sources (Tacon & Akiyama 1997) . However, the uncertainty in world production and high price of fishmeal has threatened the growth and sustainability of the aquaculture industry (Tacon et al. 2011) . As a result, most of aquaculture nutritionists and the aquafeed industry are focusing on finding cheaper and sustainable alternative protein source that can be incorporated in the aquafeeds (Muin et al. 2015) . Several studies were conducted to replace fishmeal in the formulated feeds for Pacific white shrimp, Litopenaeus vannamei with various alternative protein sources from either plant or animal origins such as seaweed meal (Silva & Barbosa 2008) , soybean meal and peanut meal (Yue et al. 2012) , red crab meal (Goytortúa-Bores et al. 2006) , yeast (Mc Lean et al. 2006) , poultry by-product (Cruz-Suárez et al. 2007) , rendered meat and bone meals (Forster et al. 2003 ) and hemoglobin powder (Chookird et al. 2010 ). More effort is needed to evaluate the potential of other alternative ingredients to support the rapid growth of the industry.
Green water is a common term used in aquaculture farms to describe the presence of green microalgae in the fish culture tank. Generally, green water consist mainly Chlorella sp. (dominant species), Scenedesmus sp., Pediastrum sp., Coelastrum sp., Planktosphaeria sp.
and other microorganism such as bacteria, protozoa and zooplankton. Recently, microalgae have been successfully used in aquafeed either as protein substitution for fishmeal or as a valuable addictive (Ju et al. 2012 (Ju et al. , 2011 . Therefore, investigation on the potential use of green water meal as an alternative protein source in formulated diets deserved thorough investigations. In our previous study (Basri et al. 2015) , GWM has been successfully used to replace fish meal at a low inclusion level and has successfully enhanced the colouration of the early stage of L. vannamei (~1.7 g). It is hypothesized that larger shrimp will have a better tolerance to this plant protein source. The present study aimed to validate this hypothesis.
L. vannamei is considered an economically important species in aquaculture industry for most country in the world (FAO 2012) . Generally, colour of L. vannamei plays important attributes in determining the market value and shrimp acceptance (Tume et al. 2009 ). The orange-red colour of the cooked shrimp is dependent upon the presence of carotenoid pigments and associated with the quality and freshness of the shrimp (Latscha 1989) . The main carotenoid pigment that present in the external tissue of the shrimp is astaxanthin in which obtained naturally from microalgae in the environment and commonly supplemented in the diets for the cultured shrimp (Boonyaratpalin et al. 2001; Yamada et al. 1990 ). In the present study, the potential of this green water meal as a substitute of fishmeal in the diets of L. vannamei was evaluated to determine the effect on growth performance, survival, feed utilization, body composition and pigmentation of the juvenile L. vannamei.
MATERIALS AND METHODS

GREEN WATER
The production of green water meal was carried out based on the method described by Basri et al. (2015) . The green water was randomly sampled daily for microalgae identification and cell counting. The green water was observed under a light microscope (Eclipse 80 i , Nikon) to identify the genus of microalgae presence in the green water culture based on the morphological structure illustrated and described by Bellinger and Sigee (2010) .
INGREDIENTS AND EXPERIMENTAL DIETS
Five isonitrogenous and isolipidic diets were formulated to contain 40% crude protein and 10% crude lipid fulfilling the requirement of L. vannamei (Ju et al. 2008) . The diets were formulated to substitute fishmeal protein with the green water meal at 0% (as control diet), 10%, 20%, 30%, and 40% replacement levels which labelled as GWM0, GWM10, GWM20, GWM30 and GWM40, respectively (Table 1) .
All experimental diets were prepared in the Aquaculture Feed Laboratory of Borneo Marine Research Institute, UMS. Table 2 shows the proximate composition fishmeal, green water meal and shrimp meal used in the experimental diets. The dry ingredients such as fishmeal, green water meal, shrimp meal, α-Cellulose, cholesterol, vitamin, mineral and CMC were thoroughly mixed manually by hand to obtain homogenous mixture. Then, the dietary lipid source was added to the mixture and well-mixed again. Finally, cooked tapioca starch was mixed with the mixture to obtain moist dough. For pelleting, the dough was screw-pressed through a meat grinder fitted with 2.0 mm diameter die. The resulting spaghetti-like strands were dried in an oven at 45±2°C until the moisture level was less than 10% (3-4 h). A small proportion of the prepared diets then were taken for the proximate composition following method described by AOAC (1997) . All prepared diets were stored in labelled plastic bag and kept in a refrigerator at -20°C until use.
EXPERIMENTAL DESIGN AND FEEDING TRIAL
Feeding trial was conducted using a flow-through seawater system located at the Shrimp Hatchery of Borneo Marine Research Institute, Universiti Malaysia Sabah. The system was designed for 3 replicates for each diet treatment using 15 cubical fiberglass tanks (50 L). All the tanks were supplied with constant seawater flow (0.5 L/min) and provided with continuous aeration through airstones (1.5 L/min). The tanks were also covered with netting on top to prevent shrimp escape.
The juvenile L. vannamei was obtained from the Shrimp Hatchery of Borneo Marine Research Institute, Universiti Malaysia Sabah, stocked in a 1000 L tank and fed with commercial shrimp pellet with 42% crude protein and 6% crude lipid (Cargill, Malaysia) for a week during the acclimatization process. A total of 15 juvenile shrimp with a mean initial body weight of 6.42±0.02 g were distributed randomly into each of 15 cubical fiberglass tanks. At the beginning of each feeding trials, 30 juvenile shrimps were randomly sampled and stored in a freezer (-15ºC) until further analysis of initial body proximate composition.
The shrimps were fed 5 times (0700, 1000, 1300, 1600 and 1900 h) with amount of 5-7% of their body weight. Every morning, any dead shrimp was recorded and the remaining uneaten feed was visually estimated prior to bottom cleaning. During the feeding trials, the temperature, dissolved oxygen and salinity ranged from 27-31°C, 5-6 mg/L and 30-32 ppt, respectively. Every 2 weeks, total weight of the shrimps in each tank was measured to adjust the daily amount of feed. The feeding trial was conducted for 56 days, upon termination, the final body weight and total length of the remaining shrimp in all tanks were recorded individually and 10 shrimp from each tank were sampled for whole-body proximate composition, colour comparison and total carotenoid concentration analysis following method described by (Arredondo-Figueroa et al. 2003) .
CALCULATIONS
The growth performance, feed utilization efficiency and survival rate of the shrimps fed with the experimental diets were calculated using the following formula: a. Body Data are expressed as means ± standard error. The mean data of growth performance, feeding utilization efficiency, survival rate, whole body composition and total carotenoid concentration were subjected to one-way analysis of variance tests (ANOVA) and Tukey HSD to determine if significant difference (p<0.05) existed among the experimental treatments. The statistical analysis was done by using SPSS v 18.0 for Windows platform.
RESULTS
GREEN WATER
Several species of microalgae found in the green water were mostly from Chlorophyta division. The identified microalgae species include Chlorella sp. Scenedesmus sp., Pediastrum sp. and Coelastrum sp. with Chlorella sp. being ND not determined *Green water meal contained 1.207 mg g-1 of total carotenoid concentration the most dominant species which constitutes up to ̴ 70% of the total microalgae found in the green water production. Table 6 shows the proximate composition of the whole body shrimp (% wet weight). Initial shrimp whole body composition was 74.46% moisture, 18.08% protein, 1.15% lipid and 2.69% ash. The moisture and crude protein contents of the shrimp fed experimental diets ranged from 75.88 -78.48% and 15.82 to 17.66 %, respectively. While the crude lipid contents of the whole body shrimp in the present study ranged from 0.30 to 0.54%. The crude ash of shrimp fed with the experimental diets ranged from 2.90 to 3.27% and no significant different was detected. In general, the moisture contents of the shrimp fed experimental diets There was a distinct difference in intense red/orange colouration of the shrimps fed with the experimental diets ( Figure 2 ). Shrimp fed with GWM-based diets appeared to be more red/orange compare to the control diet and the reddest shrimp observed in shrimp fed with GWM40. The total carotenoids also confirmed the visual observation, where the amount of total carotenoid increased with the increase of GWM in the diets. Feeding shrimp with GWM had increased the total carotenoid concentration from 8.09 (control) to 32.78 μg/g (GWM40) at the end of the feeding trial. This was an increase of about 305% in total carotenoid concentration of the experimental shrimp (Figure 3) .
EXPERIMENTAL DIETS
DISCUSSION
A few studies reported the replacement of fishmeal with alternative protein from algae sources in the diet of various aquaculture species such as dried Chlorella spp., Scenedesmus spp. and Hydrodictyon reticulatum in Oreochromis niloticus diets (Appler 1985; Badwy et al. 2008) , Spirulina platensis in Cyprinus carpio (Nandeesha et al. 1998) , Nannochloropsis sp. and Isochrysis sp. in Gadus morhua (Walker & Berlinsky 2011) and Spirulina in Pangasianodon gigas (Tongsiri et al. 2010) . Specifically, limited studies were reported on the use of algae meal as protein sources in L. vannamei diets, except for those reported using Spirulina platensis (Macias-Sancho et al. 2014) and Haematococcus pluvialis (Ju et al. 2012 ). Similar to our previous findings (Basri et al. 2015) , replacement of fish meal protein with GWM at 10% replacement level was tolerable by the shrimp. However, when fed with GWM20, GWM30 and GWM40, the growth of the shrimps were reduced. Hasan and Chakrabarti (2009) stated that only about 10-15% of dietary protein requirement can be met by algae protein. Higher inclusion of algae meal in the diet was suggested to cause the poor palatabilty and thus decreased the growth performance of the cultured species. On the contrary, defatted pure microalgae (Haematococcus pluvialis) meal was successfully substitute the fishmeal protein up to 50% replacement level in the diet of juvenile L. vannamei (Ju et al. 2012) . Besides that, Spirulina platensis meal was reported to be able to replace fishmeal at up to 75% replacement level in L. vannamei with improvement in the immune system (Macias-Sancho et al. 2014) .
In other study, microalgae meal from a combination of Nannochloropsis sp. and Isochrysis sp. can only replace the fishmeal protein at 15% replacement level in the diet of Atlantic cod, Gadus morhua (Walker & Berlinsky 2011) . They found, the growth performance and feed intake of the Atlantic cod were significantly reduced as algal incorporation in the diet increased and suggested this was due to the poor palatability of the diet (Walker & Berlinsky 2011) . Meanwhile, in the study conducted by Tongsiri et al. (2010) , the Mekong giant catfish, Pangasianodon gigas can only tolerate up to 10% of fishmeal protein replacement with Spirulina meal in their diet. In general, most study on fishmeal replacement using microalgae meal yielded various successful inclusion levels and mostly using the pure microalgae meal such as Spirulina spp., Nannochloropsis sp. and Isochrysis sp. (Tongsiri et al. 2010; Ungsethaphand et al. 2010; Walker & Berlinsky 2011) .
The apparently lower growth performance of shrimp fed with diets containing higher inclusion levels of green water meal may be attributed by several factors. One of the factors is most likely due to insufficient essential amino acid such as lysine and tryptophan in green water meal. Chlorella sp. is the dominant microalgae in the GWM used in the present study. In general, algae are considered as high nutritional value food, but most of them contained low proportion of essential amino acid especially lysine, a limiting factor in the animal diets (Brown et al. 1997) . Specifically, Chlorella sp. was reported to contain a lesser proportion of tryptophan, also one of the essential amino acids in the diets of aquatic animals (Brown & Jeffrey 1992) . Another factor caused the lower performance of the shrimp maybe due to the low digestibility of the microalgae which is similar to those of other plant sources. Most of the aquatic plants including algae contained higher percentage of carbohydrate which account up to 40% and characterized by complex chemical structure. Therefore, increased algal meal in the diets may cause the low digestibility due to the presence of indigestible complex carbohydrate from the algal materials (Appler 1985) .
In this present study the utilization of GWM in larger juvenile shrimp was improved compare to the smaller juvenile shrimp in our previous study using early juvenile as the target species (Basri et al. 2015) . The poorer GWM utilization compare to the previous study might due to lower digestibility by the less developed digestive system of the smaller juvenile shrimp. Furthermore, larger sizes of organisms were reported to better utilize the plant protein source (Shapawi et al. 2013) .
In term of palatability, the juvenile L. vannamei seems to readily accept the GWM-based diets with inclusion level of up to 10%. Feed intake start to reduce significantly when GWM was included at 20% replacement. Similarly, palatability was also affected with the increasing level of microalgae meal in the diets of L. vannamei (Ju et al. 2012) . PER and ANPU were decreased as increasing GWM in the diets, even though no significant difference detected between the control diet and GWM10. Lower PER and ANPU values in shrimp fed with more than 20% GWM replacement were probably due to the reduced growth rate and the lower whole-body protein content (Shapawi et al. 2007 ). In the present study, survival rate of the shrimps fed experimental diets were more than 88%, indicating that the inclusion of green water meal in the diets did not affect the survival rate of the L. vannamei.
The proximate composition analysis of the whole body shrimp shows that the crude protein and crude lipid of the juvenile shrimp seem to decrease as the level of GWM increased in the diets. The low protein and lipid content of shrimps fed with higher inclusion of GWM in the diet (GWM30 and GWM40) might be due to the utilization of own stored body protein and lipid as consequences of the low feed intake. Similar finding were also reported previously, where the muscle lipid level of the Red sea bream, Pagrus major was significantly reduced in the diet containing Spirulina sp. compare to diet without Spirulina sp. (Mustafa et al. 1994) . Diets containing algae protein from Hydrodictyon reticulatum (Appler 1985) and Cladophora glomerata (Appler & Jauncey 1983 ) also displayed the same effect, where low lipid content was observed in the Nile tilapia muscle. In contrast, replacement of fish meal with Haematococcus pluvialis meal in the diets of Pacific white shrimp did not affect the whole-body proximate composition (Ju et al. 2012) .
When boiled or cooked, the individual carotenoid prosthetic group from the carotenoproteins in shrimp body was denatured and thus produced red/orange body colour (Okada et al. 1994) . The intensity of the boiledshrimp colour is dependents on the amount of deposited carotenoid (Ponce-Palafox et al. 2006) . In the present study, the colour intensity of the cooked shrimp was visually differentiated. Total carotenoid analysis also confirmed the visual observation where increased inclusion level of GWM in the diet resulted in higher TCC in shrimp compare to the control treatment. Therefore, the present study suggests that increasing level of GWM in the diets cause better pigmentation to the shrimp. Pigment content of microalgae in the GWM may be deposited directly or indirectly in the tissue of the shrimp (Yamada et al. 1990 ). Several authors have reported that supplementation or inclusion of microalgae meal in the fish or shrimp diet such as Haematococcus pluvialis (Ju et al. 2011) , Chlorella vulgaris (Gouveia et al. 2003) , Dunaliella salina (Supamattaya et al. 2005) and Spirulina platensis (Sun et al. 2012 ) have proved to enhance the skin and muscle pigmentation of the targeted aquatic animals. In contrast, Tangeras and Slinde (1994) observed that diet containing algae Phaffia rhodozyma did not show any pigment enhancement in salmonid fish muscle. They suggested this might be due to the cell wall thickness of Phaffia rhodozyma restricted the pigment availability (Tangeras & Slinde 1994) . In the application of Haematocuccus pluvialis in Pacific white shrimp diets, the enhanced pigmentation was primary due to deposition of the natural esterified astaxanthin rather than other carotenoid (lutein, β-carotene and canthaxanthin), of which derived from the Haematocuccus pluvialis (Ju et al. 2011) . Gouveia et al. (1998) also proved that Chlorella vulgaris biomass is a digestible and effective source of carotenoid pigments that produce higher retention of astaxanthin in fish muscle compare to the synthetic pigments.
The market value of shrimp is often evaluated based on the visual appearance of their body colour (Parisenti et al. 2011) . The shrimp appearance is associated with freshness and product quality and thus plays a significant role in maintaining the high consumer acceptance in the marketplace (Latscha 1989; Parisenti et al. 2011) . Astaxanthin was found to be the main pigment responsible producing the red/orange colour of cooked or boiled shrimp (Ju et al. 2011; Ponce-Palafox et al. 2006) . Mostly shrimp feed are supplemented with astaxanthin derived from synthetic source such as Carophyll Pink® to enhance the pigmentation of the shrimp before harvested (Ju et al. 2011) . However, the cost of synthetic astaxanthin is high and there is consumer interest in the use of natural pigments in the seafood product (Boonyaratpalin et al. 2001) . Therefore, this study has provided the opportunity for application of natural carotenoid source from the GWM in aquaculture feed industry. It is suggested that higher of inclusion GWM can be included in the pre-harvest diet to avoid the negative effect on the shrimp growth performance. However, more study should be carried out in the future to evaluate the full potential of GWM as a dietary ingredient.
CONCLUSION
Findings showed that the green water meal can serve as a high potential protein source which can be included in the diet at a level of 10% without significant negative effect on the growth performance and feed utilization of the Pacific white shrimp particularly in larger juvenile shrimp. Considering the continuous increase of fish meal price and limited supply, the findings from the present study are considered significant as it discover another high potential alternative ingredient which can be produced easily in aquaculture farms. Furthermore, the shrimp fed with the green water meal-based diets appeared to be more intense in red/orange colour and this clearly indicated that GWM is an excellent source of carotenoid that can enhance the shrimp pigmentation. Apparently, the use of GWM in the aquaculture diets will be able to reduce the dependency on imported feed ingredient and support the sustainability of aquaculture industry.
